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Description 

[0001] The present invention is directed to printheads useful for thermal ink jet printing processes. More specifically, 
the present invention is directed to thermal ink jet printheads having advantages such as improved ink resistance and 

s channel and nozzle features with improved aspect ratio. 

[0002] In the fabrication of sideshooter-type printhead elements, the fluidic pathway is often defined by a photo pat- 
temable polyimide negative photoresist. Polyimides provide thermally stable structures and possess good adhesion. 
Polyimides, however, are not ideal because of their frequent hydrolytic instability in alkaline aqueous media and be- 
cause of the high shrinkage (sometimes up to about 40 percent) observed for features during final cure caused by the 

10 imidization process. Accordingly, there is a need for chemically stable, hydrolytically stable, and solvent resistant neg- 
ative resists for sid ©shooter ink jet printheads. As the sideshooter ink jet printhead has evolved, a need has also arisen 
for resist materials that can be patterned at high aspect ratio and that do not suffer from loss of resolution through 
shrinkage. 

[0003] While known compositions and processes are suitable for their intended purposes, a need remains for im- 

15 proved sideshooter thermal ink jet printheads. In addition, a need remains for sideshooter thermal ink jet printheads 
that contain chemically stable materials. Further, a need remains for sideshooter thermal ink jet printheads that are 
hydrolytically stable in aqueous media, particularly alkaline aqueous media. Additionally, a need remains for sideshooter 
thermal ink jet printheads that are formed of photopattemable materials that exhibit low shrinkage upon curing. There 
is also a need for sideshooter thermal ink jet printheads that are solvent resistant. In addition, there is a need for 

20 sideshooter thermal ink jet printheads that can be patterned at high aspect ratio and that do not suffer from loss of 
resolution through shrinkage. Further, there is a need for sideshooter thermal ink jet printheads that are formed of 
photopattemable materials that exhibit low swelling when subjected to solvent development subsequent to photoex- 
posure and also exhibit low swelling upon exposure to solvents and aqueous media commonly used in ink jet inks. 
Additionally, there is a need for sideshooter thermal ink jet printheads that are formed of photopattemable materials 

25 of good lithographic sensitivity. A need also remains for sideshooter thermal ink jet printheads that are formed of ther- 
mally stable materials. In addition, a need remains for sideshooter thermal ink jet printheads that are formed of pho- 
topattemable polymers that, when applied to printhead elements by spin casting techniques and cured , exhibit reduced 
edge bead and no apparent lips and dips. Further, a need remains for sideshooter thermal ink jet printheads that are 
formed of photopattemable polymers that can be exposed without the need for mask biasing. Additionally, a need 

30 remains for thermal ink jet printheads of sideshooter configuration that enable high nozzle density, including densities 
of 1 ,200 dots per inch or more. There is also a need for sideshooter thermal ink jet printheads that are formed of 
photopattemable polymers that exhibit clean, sharp, square edges of the patterned features. In addition, there is a 
need for sideshooter thermal ink jet printheads that are formed of photopattemable materials that enable reduced or 
no need for polishing subsequent to patterning. Further, there is a need for sideshooter thermal ink jet printheads that 

35 are formed of photopattemable materials wherein the mask through which the photopattemable materials are exposed 
can be reproduced while retaining uniform film thickness across the wafer and features. Additionally, there is a need 
for sideshooter thermal ink jet printheads that are formed of photopattemable materials that enable a wide variety of 
drop volumes. A need also remains for sideshooter thermal ink jet printheads that are formed of photopattemable 
materials that enable a variety of cleanly defined nozzles of different dimensions and that produce different drop vol- 

40 umes in the same printhead. 

[0004] A liquid jet recording head and recording apparatus having same are disclosed in US Patent 5,576,417. 
[0005] The problem underlying the present invention is to meet the above described needs. 
[0006] The problem is solved by a thermal ink jet printhead (10) which comprises: (i) an upper substrate (22), and 
(ii) a lower substrate (26) in which one surface thereof has an array of heating elements (34) and addressing electrodes 

45 (33) formed thereon, said lower substrate (26) having an insulative layer (16) deposited on the surface thereof and 
over the heating elements (34) and addressing electrodes (33) and patterned to form recesses therethrough to expose 
the heating elements (34) and terminal ends of the addressing electrodes (33), said upper and lower substrates (22, 
28) being bonded together to form a thermal ink jet printhead (10) having droplet emitting nozzles (27) defined by the 
upper substrate (22), the insulative layer (16) on the lower substrate (28), and the heating elements (34) in the lower 

so substrate (26), wherein at least one of said upper substrate (22) and said insulative layer (16) comprises a crosslinked 
polymer formed by crosslinking a precursor polymer which is a phenolic novolac resin having glycidyl ether functional 
groups on the monomer repeat units thereof and wherein said recesses patterned through the insulative layer have 
an aspect ratio of at least 1:1. 

[0007] The insulative layer and/or the upper substrate may comprise the crosslinked polymer. 
55 [0008] The crosslinked polymer may be crosslinked by exposing the precursor polymer to actinic radiation. 

[0009] The precursor polymer may be formed of backbone monomers selected from the group consisting of phenol, 
o -ere so I, p -ere sol, bisphenol-A, and mixtures thereof. 

[0010] The precursor polymer may be selected from the group consisting of 
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wherein n is an integer representing the average number of repeating monomer units, n may be an integer ranging 
from about 2 to about 20. n is preferably 3. 

[0012] The precursor polymer may be a compound represented by the formula 




wherein n is an integer representing the average number of repeating monomer units, n may be an integer ranging 
from about 1 to about 20. Preferably, n is 2. 

[0013] The precursor polymer may be crosslinked by exposing to actinic radiation a composition comprising the 
precursor polymer and a cationic photoinitiator which is selected from onium salts of Group VA elements, onium salts 
of Group VIA elements, aromatic hal onium salts, or mixtures thereof. The photoinitiator may be a su If onium salt. 
[0014] The photoinitiator may be selected from triphenylsulfonium tetrafluoroborate, methyldiphenylsulfonium 
tetrafluoroborate, di methyl phenylsulfoni urn hexafluorophosphate, triphenylsulfonium hexafluorophosphate, triphenyl- 
sulfonium hexafluoroantimonate, diphenylnaphthylsulfonium hexafluoroarsenate, tritolysulfonium hexafluorophos- 
phate, anisyldiphenylsulfbnium hexafluoroantimonate, 4-butoxyphenyidiphenylsulfonium tetrafluoroborate, 4-chlo- 
rophenyidiphenylsulfonium hexafluoroantimonate, tris(4-phenoxyphenyl)sulfbnium hexafluorophosphate, di(4-ethoxy- 
phenyl)methylsulfonium hexafluoroarsenate, 4-acetoxy-phenyldiphenylsu If onium tetrafluoroborate, tris(4-thiomethox- 
yphenyl)sulfonium hexafluorophosphate, di(rnethoxysulfonylphenyl)methylsulfonium hexafluoroantimonate, di(meth- 
oxynapththyl)methylsulfonium tetrafluoroborate, di(carbomethoxyphenyl)methylsulfonium hexafluorophosphate, 
4-acetamidophenyldiphenylsulfonium tetrafluoroborate, di methyl naphthylsulfonium hexafluorophosphate, trifluor- 
omethyidiphenylsulfonium tetrafluoroborate, methyl (n -methyl phenothiazinyl)sulfbnium hexafluoroantimonate, phenyl- 
methy I benzyl sulf onium hexafluorophosphate, or mixtures thereof. 
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[0015] The photoinitiator may be an aromatic iodonium salt selected from diphenyliodonium tetrafluoroborate, di 
(4-methylpheny1)iodonium tetrafluoroborate, phenyl^methyl phenyl iodonium tetrafluoroborate, d i(4-heptyl phenyl )io- 
donium tetrafluoroborate, di(3-nitropheny1)iodonium hexafluorophosphate, di(4-chloropheny1)iodonium hexafluoro- 
phosphate, di(naphthy1)iodonium tetrafluoroborate, di(4-trifluoromethyl phenyl) iodonium tetrafluoroborate, diphenylio- 

5 donium hexafluorophosphate, di(4-methylpheny1)iodonium hexafluorophosphate, diphenyliodonium hexafluoroarse- 
nate, di(4-phenoxyphenyl)iodonium tetrafluoroborate, phenyl -2 -t hie nyliodonium hexafluorophosphate, 3,5-dimethyl- 
pyrezolyW-phenyliodonium hexafluorophosphate, diphenyliodonium hexafluoroantimonate, 2,2 1 -diphenyliodonium 
tetrafluoroborate, di(2,4-dichlorophenyl)iodonium hexafluorophosphate, di(4-bromophenyl)iodonium hexafluorophos- 
phate, di(4-methoxyphenyl)iodonium hexafluorophosphate, di(3-carboxypheny1)iodonium hexafluorophosphate, di 

io (3-methoxycarbony1phenyl)iodonium hexafluorophosphate, di(3-methoxysulfonylphenyl)iodonium hexafluorophos- 
phate, di(4-acetamidophenyl)iodonium hexafluorophosphate, or di(2-benzoethienyl)iodonium hexafluorophosphate. 
[0016] Preferably, the photoinitiator is a triphenyisulfonium hexafluoroantimonate. 

[0017] The precursor polymer may be crosslinked by exposing to actinic radiation a composition comprising the 
precursor polymer, a cation ic photoinitiator, and a solvent. Preferred solvents include ^butyrolactone, propylene glycol 
is methyl ether acetate, tetrahydrofuran, methyl ethyl ketone, methyl isobutyl ketone, and mixtures thereof. 

[0018] The precursor polymer may be crosslinked by exposing to actinic radiation a composition consisting essen- 
tially of the precursor polymer, a cationic photoinitiator, and an optional solvent. 

[0019] The precursor polymer may be crosslinked by exposing to actinic radiation a composition consisting of the 
precursor polymer, a cationic photoinitiator, and an optional solvent. 
20 [0020] The precursor polymer may be crosslinked by exposing to actinic radiation a composition comprising the 
precursor polymer and a diluent. The diluent may be a epoxy-substituted polyarylene ether, a bisphenol-A epoxy ma- 
terial, or a mixture thereof. 

[0021] Preferably, the nozzles can eject droplets with volumes of no more than about 5 picoliters. 
[0022] Preferably, the nozzles can eject droplets with volumes of no less than about 20 picoliters. 
25 [0023] Preferab ly, the thermal i nk jet pr i nthead com prises a first set of nozzles which can ej ect droplets with vo I umes 
of no more than about 5 picoliters and a second set of nozzles which can eject droplets with volumes of no less than 
about 20 picoliters. 

[0024] Preferably, the insulative layer has a thickness of up to about 40 microns. 

[0025] The recesses patterned through the insulative layer have an aspect ratio of at least about 1:1, preferably an 
30 aspect ratio of at least about 5:1 , more preferably an aspect ratio of at least about 6:1 and most preferably an aspect 
ratio of at least about 10:1. 

[0026] Preferably, the nozzles have a width of at least about 5 microns, a width of no more than about 25 microns, 
a depth of at least about 5 microns, and a depth of no more than about 25 microns. 

[0027] The thermal ink jet pri nthead of the present invention can be prepared by a process for forming a thermal ink 
35 jet printhead which comprises: (a) providing a lower substrate in which one surface thereof has an array of heating 
elements and addressing electrodes having terminal ends formed thereon; (b) depositing onto the surface of the lower 
substrate having the heating elements and addressing electrodes thereon a layer comprising a precursor polymer 
which is a phenolic novolac resin having glycidyl ether functional groups on the monomer repeat units thereof; (c) 
exposing the layer to actinic radiation in an imagewise pattern such that the precursor polymer in exposed areas 
40 becomes a crosslinked polymer and the precursor polymer in unexposed areas does not become crosslinked, wherein 
the unexposed areas correspond to areas of the lower substrate having thereon the heating elements and the terminal 
ends of the addressing electrodes; (d) removing the precursor polymer from the unexposed areas, thereby forming 
recesses in the layer, said recesses exposing the heating elements and the terminal ends of the addressing electrodes; 
(e) providing an upper substrate; and (f) bonding the upper substrate to the lower substrate to form a thermal ink jet 
45 printhead having droplet emitting nozzles defined by the upper substrate, the crosslinked polymer on the lower sub- 
strate, and the heating elements in the lower substrate. 

[0028] It is preferred that step (b) in the process for forming a thermal ink jet printhead is carried out by coating onto 
the surface of the lower substrate having the heating elements and addressing electrodes thereon a composition com- 
prising the precursor polymer and a solvent selected from y-butyrolactone, propylene glycol methyl ether acetate, 

so tetrahydrofuran, methyl ethyl ketone, methyl isobutyl ketone, or mixtures thereof. 

[0029] It is preferred that step (b) in the process for forming a thermal ink jet printhead is carried out by coating onto 
the surface of the lower substrate having the heating elements and addressing electrodes thereon a composition com- 
prising the precursor polymer and a cationic photoinitiator which is selected from onium salts of Group VA elements, 
onium salts of Group VIA elements, aromatic halonium salts, or mixtures thereof. 

55 [0030] It is preferred that step (b) in the process for forming a thermal ink jet printhead is carried out by coating onto 
the surface of the lower substrate having the heating elements and addressing electrodes thereon a composition con- 
sisting essentially of the precursor polymer, a cationic photoinitiator, and an optional solvent. 

[0031] It is preferred that step (b) in the process for forming a thermal ink jet printhead is carried out by coating onto 
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the surface of the lower substrate having the heating elements and addressing electrodes thereon a composition con- 
sisting of the precursor polymer, a cationic photoinitiator, and an optional solvent. 

[0032] It is preferred that step (b) in the process for forming a thermal ink jet printhead is carried out by coating onto 
the surface of the lower substrate having the heating elements and addressing electrodes thereon a composition com- 
prising the precursor polymer and a diluent which may be a epoxy-substituted polyarylene ether, a bisphenol-A epoxy 
material, or a mixture thereof. 

[0033] Preferably, the precursor polymer is formed of backbone monomers selected from the group consisting of 

phenol, o-cresol, p-cresol, bisphenol-A, and mixtures thereof. 

[0034] The precursor polymer may be selected from the group consisting of 
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H3C-C-CH3 



H3C-C-CH3 



randomized structures thereof, branched structures thereof, and the like, wherein in each instance n represents the 
average number of repeat monomer units. 

[0035] The precursor polymer may be a compound represented by the following formula 
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wherein n is an integer representing the average number of repeating monomer units, n may be an integer ranging 
from about 2 to about 20. Preferably, n is 3. 

[0036] The precursor polymer may be a compound represented by the following formula 




wherein n is an integer representing the average number of repeating monomer units, n may be an integer ranging 
from about 1 to about 20. Preferably, n is 2. 

Figure 1 is a schematic isometric view of a printhead according to the present invention and oriented so that the 
droplet ejecting nozzles are shown. 

Figure 2 is a cross-sectional view of Figure 1 as viewed along the view line 2-2 thereof. 

Figure 3 is a cross-sectional view similar to Figure 2 showing another embodiment of the present invention. 

Figure 4 is a schematic isometric view of the printhead of Figure 1 without the cover plate. 

Figure 5 is a view similar to Figure 2 showing an alternate embodiment of the printhead cover plate. 

Figure 6 is a view similar to Figure 4 showing an alternate embodiment wherein the channel grooves open into a 

common recess with the walls of the channel grooves extending into the printhead reservoir. 

Figure 7 is a view similar to Figure 4 showing an alternate embodiment wherein the channel grooves are of a 

different geometry. 

[0037] The thermal ink jet printheads of the present invention can be of any suitable configuration. An example of a 
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suitable configuration is illustrated schematically in Figure 1. In Figure 1, a schematic isometric view of an ink jet 
print head 10 according to the present invention is shown mounted on a heat sink 26 and oriented to show the front 
face 29 of the printhead and the array of droplet ejecting nozzles 27 therein. Referring also to Figure 2, a cross-sectional 
view of Figure 1 taken along view line 2-2 through one ink channel 20, the heater plate 28, of a material such as silicon 

5 or the like, has heating elements 34, driving circuitry 32 represented by dashed line, and leads 33 interconnecting the 
heating elements and driving circuitry and having contacts 31 connected to a printed circuit board 30 by wire bonds 
25. The circuit board is connected to a controller or microprocessor of the printer (neither shown) for selectively applying 
a current pulse to the heating elements to eject ink droplets from the nozzles. One suitable driving circuitry is described 
in U.S. Patent 4,947,192. Generally, an underglaze layer 14 is formed on the heater plate surface on which the heating 

10 elements, driving circuitry, and leads are to be formed, followed by a passivation layer 16 which is patterned to expose 
the heating elements and contacts. 

[0038] A photosensitive polymeric material according to the present invention is deposited over the heater wafer to 
form the photopolymer layer 24 and photo lithographically patterned to produce the ink channels 20 having an open 
end to serve as a nozzle 27 and a closed end 21 and to expose the contacts 31 of the electrical leads. A cover plate 

15 22 of a material such as glass, quartz, silicon, various polymeric materials, ceramic materials, or the like, has an 
aperture 23 therethrough and is bonded to the surface of the patterned photopolymer layer 24 with a suitable adhesive 
(not shown). The cover plate aperture 23 has a size suitable to expose portions of the closed ends 21 of the channels 
and to provide an adequate ink supply reservoir for the printhead when combined with closed end portions 21 of the 
channels. The ink flow path from the reservoir to the channels 20 is indicated by arrow 19. An optional nozzle plate 12 

20 is shown in dashed line which is adhered to the printhead front face 29 with the nozzles 13 therein aligned with the 
open ends 27 of the channels 20 in the photopolymer layer 24. 

[0039] As disclosed in U.S. Patent Re. 32,572, U.S. Patent 4,774,530, and U.S. Patent 4,947,192, the heater plates 
of the present invention can be batch produced on a silicon wafer (not shown) and later separated into individual heater 
plates 28 as one piece of the printhead 10. As disclosed in these patents, a plurality of sets of heating elements 34, 

25 driving circuitry 32, and electrical leads 33 are patterned on a polished surface of a (100) silicon wafer which has first 
optionally been coated with an underglaze layer 14, such as silicon dioxide having a typical thickness of about 1 to 
about 5 microns, although the thickness can be outside of this range. The heating elements can be of any well known 
resistive material, such as zirconium boride, but are preferably doped polycrystalline silicon deposited, for example, 
by chemical vapor deposition (CVD) and concurrently monolithically fabricated with the driving circuitry as disclosed 

30 i n , for example , U .S . Patent 4, 947 , 1 93 . Afterwa rds , if desi red , th e wafer can be clea ned and reoxidized to form a si licon 
dioxide layer (not shown) over the water, including the driving circuitry. A phosphorous doped glass layer or boron and 
phosphorous doped glass layer (not shown) can then, if desired, be deposited on the thermally grown silicon dioxide 
layer and reflowed at high temperatures to planarize the surface. The photopatternable polymer according to the 
present invention is applied and patterned to form vias for electrical connections with the heating elements and driving 

35 circuitry, and aluminum metallization is applied to form the electrical leads and provide the contacts for wire bonding 
to the printed circuit board, which in turn is connected to the printer controller. Any suitable electrically insulative pas- 
sivation layer 16, such as, for example, polyimide, polyarylene ethers such as those disclosed in, for example, U.S. 
Patent 5,994,425, polybenzoxazole, bisbenzocyclobutene (BCB), phenolic novolac resins having glycidyl ether func- 
tional groups on the monomer repeat units thereof, or the like is deposited over the electrical leads, typically to a 

40 thickness of from about 0.5 to about 20 microns, although the thickness can be outside of this range, and removed 
from the heating elements and contacts. 

[0040] Next, an optional pit layer 36 of, for example, polyimide, polyarylene ethers such as those disclosed in, for 
example, U.S. Patent 5,994,425, polybenzoxazole, BCB, phenolic novolac resins having glycidyl ether functional 
groups on the monomer repeat units thereof, or the like, can be deposited and patterned to provide pits 36 for the 

45 heating elements as shown in Figure 3 and disclosed in U.S. Patent 4,774,530. Figure 3 is a cross-sectional view 
similar to that of Figure 2, but has a pit layer 36 as taught by U.S. Patent 4,774,530, The pit layer 36 can be useful for 
printheads having a resolution of less than 400 dpi, but can also if desired be used for higher printing resolution print- 
heads. Except for the pit layer, the printhead and method of fabrication is same as for the printhead in Figures 1 and 
2. The optional pit layer 36 is deposited and patterned prior to the deposition of the photopolymer layer 24. However, 

so for high resolution printheads having nozzles spaced for printing at 400 dots per inch (dpi) or more, heating element 
pits may not be necessary, since the vapor bubbles generated to eject ink droplets from nozzles and channels of this 
size tend not to ingest air. 

[0041] If the topography of the heater wafer is uneven, the wafer can be polished by techniques well known in the 
industry, such as that disclosed in U.S. Patent 5,665,249. Then the layer of photopatternable polymer (phenolic novolac 
55 resins having glycidyl ether functional groups on the monomer repeat units thereof) that is to provide the channel 
structure 24 is deposited. After deposition of the photopatternable polymer layer according to the present invention, it 
is exposed using a mask with the channel sets pattern and contacts pattern. The patterned polymer channel structure 
layer is then developed and cured. In one embodiment, the channel structure thickness is typically at least about 1 
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micron, preferably at least about 5 microns, and more preferably at least about 10 microns, and is typically no more 
than about 40 microns, preferably no more than about 30 microns, and more preferably no more than about 20 microns, 
although the thickness can be outside of these ranges. If desired, a thicker layer can be applied and cured and then 
polished to the desired thickness by the same technique used to polish the surface of the heater wafer mentioned 

5 above. After the patterned photopolymer layer 24 is cured and polished, a cover plate 22, the same size as the wafer 
and having a plurality of apertures 23 therein, is bonded to the photopolymer layer 24. The cover plate 22 serves as 
the closure for the channels 20 and the cover plate aperture 23, which is an opening through the cover plate, serves 
as an ink inlet to the reservoir as well as most of the ink reservoir. The silicon wafer and wafer size cover plate with 
the channel structure sandwiched therebetween can be separated into a plurality of individual printheads by a dicing 

10 operation. The dicing operation not only separates the printheads, but also produces the printhead front face 29 and 
opens one end of the channels to form the nozzles 27. 

[0042] Referring to Figure 4, a schematic isometric view of a portion of the heater wafer is shown comprising a single 
heater plate 26 having the patterned, cured, and polished photopolymer channel structure 24 thereon. The cover plate 
is omitted. The closed end portions of the channels and the cover plate aperture define the ink reservoir. 
is [0043] Figure 5 is a view similar to Figure 2, but showing an alternate embodiment of the cover plate. In this embod- 
iment, a silicon substrate is utilized for the cover plate 22 1 and has an aperture 23 1 formed by orientation dependent 
etching (ODE). The etching is done from the silicon cover plate surface which is to be bonded against the channel 
structure 24, thereby providing a different cross-sectional shape for the reservoir. 

[0044] Referring to Figure 6, another embodiment is shown of the channel structure 24 in a view similar to that of 
20 Figu re 4. 1 n th i s em bod i ment , the chann el ends 2 1 ' connect an d open i nto a common recess 4 1 . Wal Is 45 of the chann els 
20 extend into the reservoir formed by combination of the cover plate aperture 23, common recess 42, and end portions 
of the channels ends 21'. 

[0045] Though the channels in Figures 1 through 6 have been shown with a uniform square or rectangular cross- 
sectional ink flow area, other embodiments are also possible. For example, the parallel walls of the channels 20 can 

25 vary in distance therebetween to form, for example, channels having a uniformly narrowing ink channel which tapers 
from the interface with the ink reservoir to the nozzle, as shown in Figure 4A of U.S. Patent 5,132,707, varying cross- 
sectional flow area wherein the channel is narrow at the interface with the ink reservoir, enlarged to enhance refill near 
the mid-distance between the reservoir and the nozzle, and narrow again at the nozzle, as shown in Figure 4B of U. 
S. Patent 5,132,707, channels as shown in Figure 7, of a thickness or depth D and initially of a first uniform width W1 

30 at the interface with the ink reservoir, then having a tapered area T, ending in narrower channels of a second uniform 
width W2 that continue to the nozzles. Any other desired sideshooter channel or nozzle configuration can also be 
employed. 

[0046] In addition, any other desired sideshooter printhead configuration can be employed. For example, upper sub- 
strate or cover plate 31 can also, if desired, have channels etched therein, of any desired shape, such as triangular, 

35 rectangular, square, or the like, wherein the upper substrate or cover plate is then aligned and mated with the lower 
substrate or heater plate having the resistive heater elements and channels defined in layer 16 thereon, so that the 
channels in upper substrate or cover plate 31 are aligned with the channels defined in layer 16 to form the ink channels 
or nozzles, as disclosed in, for example, U.S. Patent 4,774,530, U.S. Patent 6,020,119, U.S. Patent 4.829,324. 
[0047] In one embodiment, a heater wafer with a phosphosilicate glass layer is optionally first spin coated with a 

to solution of Z6040 adhesion promoter (about 0.5 to about 5 weight percent in about 95 parts methanol and about 5 
parts water at a phi of from about 3.5 to about 5.5, available from Dow Corning) at from about 3,000 to about 5,000 
revolutions per minute for about 10 seconds, and dried at from about 100 to about 110°C for from about 2 to about 10 
minutes. The wafer is then allowed to cool at about 25°C for about 5 minutes before spin coating the photoresist 
containing the epoxy polymer onto the wafer at between 1,000 and 3,000 revolutions per minute for between 30 and 

45 60 seconds. The photoresist solution is made by addition of-about 63 parts by weight of an epoxy polymer of the formula 



50 
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wherein n has an average value of 3 to about 20 parts by weight of y-butyrolactone containing about 13 or 14 parts by 
weight triphenylsulfonium hexafluoroantimonate solution (supplied commercially as CYRACURE® UVI-6976 (obtained 
from Union Carbide) in a solution of 50 weight percent mixed triarylsulfonium hexafluoroantimonate in propylene car- 
bonate). The film is heated (soft baked) in an oven for between 15 and 25 minutes at 70°C. After cooling to 25°C over 
5 minutes, the film is covered with a mask and exposed to the full arc of a super-high pressure mercury bulb, amounting 
to from about 25 to about 500 milliJoules per square centimeter as measured at 355 nanometers. The exposed wafer 
is then heated at from about 70 to about 95°C for from about 1 0 to about 20 minutes post-exposure bake, followed by 
cooling to 25°C over 5 minutes. The film is developed with y-butyrolactone, washed with isopropanol, and then dried 
at about 70°C for about 2 minutes. This process is intended to be a guide in that procedures can be outside the specified 
conditions depending on film thickness and photoresist molecular weight. 

[0046] The printhead illustrated in Figures 1 through 7 constitutes a specific embodiment of the present invention. 
Any other suitable sideshooter printhead configuration comprising ink-bearing channels terminating in nozzles on the 
printhead surface can also be employed with the materials disclosed herein to form a printhead of the present invention. 
The printheads of the present invention are of "sideshooter" configuration, as opposed to "roofs hooter 11 configuration. 
Roofshooter configuration printheads are illustrated in, for example, U.S. Patent 5,859,655 and U.S. Patent 5,907,333. 
In a typical roofs hooter-type thermal ink jet printhead, a heater plate is mounted on heat sinking substrate. The silicon 
heater plate can have a reservoir or feed slot etched therethrough. An array of heating elements are patterned on the 
heater plate surface near the open bottom of the reservoir. The heating elements are selectively addressed via passi- 
vated addressing electrodes and a common return. A flow directing layer is patterned to form flow paths for the ink 
from the reservoir to a location above the heating elements. A nozzle plate containing nozzles is aligned and bonded 
to the flow directing layer so that the nozzles are directly above the heating elements. An electrical signal applied to 
the heating element temporarily vaporizes the ink and forms droplet ejecting bubbles which eject droplets in a direction 
normal or perpendicular to the plane of the heating element surface. Accordingly, the nozzles in a roofshooter printhead 
are defined by the nozzles in the nozzle plate and their positioning with respect to the heating elements. In contrast, 
the nozzles in a sideshooter printhead are defined by the bonding of the cover plate and heater wafer (although an 
optional nozzle plate can also be bonded to the front face of the printhead if desired). In addition, in a sideshooter 
printhead, an electrical signal applied to the heating element temporarily vaporizes the ink and forms droplet ejecting 
bubbles which eject droplets in a direction parallel to the plane of the heating element surface. 
[0049] The sideshooter printheads of the present invention exhibit several advantages. For example, channels and 
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nozzles can be patterned with aspect ratios of at least about 1:1 or more, and aspect ratios of about 6:1 or more and 
even about 10:1 or more are possible. Drop volumes as small as 1, 2, or 3 picoliters can be generated with ink jet 
printheads according to the present invention, as well as those that generate droplets of about 5 picoliters, those that 
generate droplets of about 10 picoliters, those that generate droplets of about 20 picoliters, those that generate droplets 

5 of about 35 picoliters, those that generate droplets of about 50 picoliters, and those that generate varying droplet 
volumes within and outside of these ranges. Desirable droplet volumes for black images typically are at least about 10 
picoliters, and are typically no more than about 35 picoliters, preferably no more than about 20 picoliters, although the 
droplet volume for black images can be outside of these values. Desirable droplet volumes for color images typically 
are at least about 1 picoliter, and preferably at least about 3 picoliters, and are typically no more than about 25 picoliters, 

10 preferably no more, than about 10 picoliters, and more preferably no more than about 5 picoliters, although the droplet 
volume for color images can be outside of these values. Single printheads with nozzles generating different droplet 
sizes, and single wafers imaged with different printheads each capable of generating different droplet sizes, can be 
prepared according to the present invention. A single printhead, or a single wafer patterned with multiple printheads, 
can be patterned with nozzles generating about 1 picoliter drops, nozzles generating about 2 picoliter drops, nozzles 

15 generating about 3 picoliter drops, nozzles generating about 5 picoliter drops, nozzles generating about 10 picoliter 
drops, nozzles generating about 20 picoliter drops, nozzles generating about 35 picoliter drops, nozzles generating 
about 50 picoliter drops, and nozzles capable of generating drops anywhere within the range of from about 1 to about 
50 picoliters. While drop volume depends also on variables such as heater design and channel structure, nozzles such 
as those about 10 microns wide by about 10 microns deep can generate droplet volumes of from about 1 to about 5 

20 picoliters. (In the context of the present invention with respect to ink channels or nozzles, the terms "wide" and "width 11 
refer to widths such as W1 or W2 in Figure 7, and the terms "deep" and "depth" refer to depths such as "D" in Figure 
7.) Preferred nozzles have a width of at least about 5 microns, and preferably at least about 8 microns, and of no more 
than about 25 microns, and preferably no more than about 15 microns, although the width can be outside of these 
ranges. Preferred nozzles have a depth of at least about 5 microns, and preferably at least about 8 microns, and of 

25 no more than about 25 microns, and preferably no more than about 15 microns, although the depth can be outside of 
these ranges. Printheads capable of generating resolutions of about 300 dpi, about 400 dpi, about 600 dpi, about 900 
dpi, about 1 ,200 dpi, or more can be prepared according to the present invention. Nozzles can be prepared with clean, 
sharp, square edges and with minimal or no need to polish the structure containing the nozzles subsequent to pattern- 
ing. The photo imaging mask can be reproduced while retaining substantially uniform film thickness across the wafer 
and patterned features, and minimal or no mask biasing are necessary. High nozzle density sideshooter printheads 
can be prepared. This advantage is particularly important to the sideshooter configuration. Roofshooter configuration 
printheads, as illustrated by, for example, roofshooter-type printhead subunits 26 in Figure 8 of U.S. Patent 5,160,945, 
enable high nozzle density by staggering the openings of the nozzle plate. In the sideshooter configuration of the 
present invention, in contrast, as shown in Figure 1 of the present application, high nozzle density is obtained with 

35 nozzles in a linear array. 

[0050] Further details regarding methods of fabricating printheads are disclosed in, for example, U.S. Patent 
4,678,529, U.S. Patent 5,057,853, U.S. Patent 4,774,530, U.S. Patent 4,835,553, U.S. Patent 4,638,337, U.S. Patent 
5,336,319, and U.S. Patent 4,601,777. Additional examples of suitable sideshooter configurations are disclosed in, for 
example, U.S. Patent 5,132,707, U.S. Patent 5,994,425. 

40 [0051] At least one of insulative layer 18 and cover plate or upper substrate 31 are formed by crosslinking a precursor 
polymer which is a phenolic novolac resin having glycidyl ether functional groups on the monomer repeat units thereof. 
The glycidyl ether functional groups generally are situated at the locations of the former hydrogen atoms on the phenolic 
hydroxy groups. Examples of suitable backbone monomers for the phenolic novolac resin include phenol, of the formula 




so wherein the resulting glycidyl ether function alized novolac resin includes structures of the formulae 



55 
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as well as branched structures thereof, o-cresol and p-cresol, of the formulae 




CH 3 

wherein the resulting glycidyl ether fu nationalized novolac resin includes structures of the formulae 




wherein the resulting glycidyl ether function alized novolac resin includes structures of the formulae 
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as well as randomized and branched structures thereof, and the like. The average number of repeat monomer units 
typically is from about 1 to about 20, and preferably is about 2, although the value of n can be outside of this range. 
One particularly preferred polymer is of the formula 
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wherein n is an integer representing the average number of repeating monomer units and typically is from about 2 to 
about 20, and preferably is about 3, although the value of n can be outside of this range. Another particularly preferred 
polymer is of the formula 




wherein n is an integer representing the average number of repeating monomer units and typically is from about 1 to 
about 20, and preferably is about 2, although the value of n can be outside of this range. Polymers of the formula 
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wherein n has an average value of about 3 are commercially available from, for example, Shell Resins, Shell Oil Co., 
Houston, TX as EPON® SU-8. Commercial photoresists containing this polymer, a solvent, and a cation ic initiator are 
also available from MicroChem Corporation, Newton, MA and from Sotec Microsystems, Switzerland. This type of 
photoresist is also disclosed in, for example, U.S. Patent 4,882,245. Polymers of the formula 




wherein n has an average value of about 3 are commercially available from, for example, Shell Resins, Shell Oil Co., 
Houston, TX as EPON® DPS-164. Suitable photoresists of the general formulae set forth hereinabove are also avail- 
able from, for example, Dow Chemical Co., Midland, Ml. 

[0052] The portion of the printhead containing the crosslinked epoxy polymer is prepared by applying to the printhead 
a photoresist containing the uncrosslinked precursor epoxy polymer, an optional solvent for the precursor polymer, a 
cation ic photoinitiator, and an optional sensitizer. The solvent and precursor polymer typically are present in relative 
amounts of from 0 to about 99 percent by weight solvent and from about 1 to 1 00 percent precursor polymer, preferably 
are present in relative amounts of from about 5 to about 60 percent by weight solvent and from about 40 to about 95 
percent by weight polymer, and more preferably are present in relative amounts of from about 5 to about 40 percent 
by weight solvent and from about 60 to about 95 percent by weight polymer, although the relative amounts can be 
outside these ranges. Examples of suitable solvents include y-butyrol acton e, propylene glycol methyl ether acetate, 
tetrahydrofuran, methyl ethyl ketone, methyl isobutyl ketone, mixtures thereof, and the like. 

[0053] Sensitizers absorb light energy and facilitate the transfer of energy to another compound, which can then 
form radical or ionic initiators to react to crosslink the precursor polymer. Sensitizers frequently expand the useful 
energy wavelength range for photoexposure, and typically are aromatic light absorbing chromophores. Sensitizers can 
also lead to the formation of photoinitiators, which can be free radical or ionic. When present, the optional sensitizer 
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and the precursor polymer typically are present in relative amounts of from about 0.1 to about 20 percent by weight 
sensitizer and from about 80 to about 99.9 percent by weight precursor polymer, and preferably are present in relative 
amounts of from about 1 to about 20 percent by weight sensitizer and from about 80 to about 99 percent by weight 
precursor polymer, although the relative amounts can be outside these ranges. 

[0054] Photoinitiators generally generate ions or free radicals which initiate polymerization upon exposure to actinic 
radiation. When present, the optional photo initiator and the precursor polymer typically are present in relative amounts 
of from about 0.1 to about 20 percent by weight photoinitiator (in its pure form; not accounting for any solvent in which 
it may be commercially supplied) and from about 60 to about 99.9 percent by weight precursor polymer, and preferably 
are present in relative amounts of from about 1 to about 20 percent by weight photoinitiator and from about 60 to about 
99 percent by weight precursor polymer, although the relative amounts can be outside these ranges. 
[0055] A single material can also function as both a sensitizer and a photoinitiator. 

[0056] Aromatic ketones, including benzophenone and its derivatives, thioxanthone, camphor qui none, and the like 
can function as photosensitizers. Additional examples of suitable photoinitiators include onium salts of Group VA ele- 
ments, onium salts of Group VIA elements, such as sulfonium salts, and aromatic halonium salts, such as aromatic 
iodonium salts. Specific examples of sulfonium salts include triphenylsulfonium tetrafluoroborate, methyldiphenylsul- 
fbnium tetrafluoroborate, dimethylphenylsutfonium hexafluorophosphate, triphenylsulfonium hexafluorophosphate, 
triphenylsulfonium hexafluoroantimonate, diphenylnaphthylsulfonium hexafluoroarsenate, tritolysulfonium hexafluoro- 
phosphate, anisyldiphenylsulfonium hexafluoroantimonate, 4-bLrtoxyphenyidi phenyl sulfonium tetrafluoroborate, 
4-chlorophenyidiphenylsulfonium hexafluoroantimonate, tris(4-phenoxyphenyl)sulfonium hexafluorophosphate, di 
(4-ethoxyphenyl)methylsulfonium hexafluoroarsenate, 4-acetoxy-phenyldiphenylsulfonium tetrafluoroborate, tris(4-thi- 
omethoxyphenyl)sulfonium hexafluorophosphate, di(methoxysulfonylphenyl)methylsulfbnium hexafluoroantimonate, 
di(methoxynapththyl)methylsulfonium tetrafluoroborate, di(carbomethoxyphenyl)methy1sulfonium hexafluorophos- 
phate, 4-acetami do phenyldi phenyl sulfonium tetrafluoroborate, dimetfiylnaphthy I sulfonium hexafluorophosphate, trif- 
luoromethyidiphenylsulfonium tetrafluoroborate, methyl (n-methylphenothiazinyl)sulfonium hexafluoroantimonate, 
phenyl methyl be nzylsulfoni urn hexafluorophosphate, and the like. Specific examples of aromatic iodonium salts include 
diphenyliodonium tetrafluoroborate, di(4-methylphenyl)iodonium tetrafluoroborate, phenyl-4-metfiylphenyliodonium 
tetrafluoroborate, di(4-heptylphenyl}iodonium tetrafluoroborate, di(3-nrtrophenyl) iodonium hexafluorophosphate, di 
(4-chloropheny1)iodonium hexafluorophosphate, di(naphthyl)iodonium tetrafluoroborate, d i(4-trifluoromethyl phenyl )io- 
donium tetrafluoroborate, diphenyliodonium hexafluorophosphate, di(4-methyl phenyl) iodonium hexafluorophosphate, 
diphenyliodonium hexafluoroarsenate, di(4-phenoxyphenyl)iodonium tetrafluoroborate, phenyl-2-thieny I iodonium hex- 
afluorophosphate, 3,5^dimethylpyrazolyl-4-pheny1iodonium hexafluorophosphate, diphenyliodonium hexafluoroanti- 
monate, 2, 2'ndi phenyl iodonium tetrafluoroborate, di(2,4Klichlorophenyl)iodonium hexafluorophosphate, di 
(4-bromophenyl)iodonium hexafluorophosphate, di(4-methoxyphenyl)iodonium hexafluorophosphate, di(3-carboxy- 
phenyl)iodonium hexafluorophosphate, di(3-methoxycarbonylphenyl)iodonium hexafluorophosphate, di(3-methox- 
ysulfonylpheny1)iodonium hexafluorophosphate, di(4-acetamidophenyl)iodonium hexafluorophosphate, di(2-ben- 
zoethienyQiodonium hexafluorophosphate, and the like. Triarylsulfonium and diaryl iodonium salts are examples of 
typical cationic photoinitiators. Aromatic onium salts of Group VIA elements, such as triarylsulfonium salts, are partic- 
ularly preferred photoinitiators for the present invention; initiators of this type are disclosed in, for example, U.S. Patent 
4,058,401 and U.S. Patent 4,245,029. Particularly preferred for the present invention are triphenylsulfonium hexafluor- 
oantimonate and the like. 

[0057] While the printfieads of the present invention can be prepared with photoresist solutions containing only the 
precursor polymer, cationic initiator, and optional solvent, other optional ingredients can also be contained in the pho- 
toresist. For example, diluents can be employed if desired. Examples of suitable diluents include epoxy-substituted 
polyarylene ethers, such as those disclosed in U.S. Patent 5,945,253, bisphenol-A epoxy materials, such as those 
disclosed as (nonpatternable) adhesives in U.S. Patent 5,762,612, having typical numbers of repeat monomer units 
of from about 1 to about 20, although the number of repeat monomer units can be outside of this range, and the like. 
Diluents can be present in the photoresist in any desired or effective amount, typically at least about 1 part by weight 
per 1 part by weight precursor polymer, and typically no more than about 70 parts by weight per one part by weight 
precursor polymer, preferably no more than about 10 parts by weight per one part by weight precursor polymer, and 
more preferably no more than about 5 parts by weight per one part by weight precursor polymer, although the relative 
amounts can be outside of these ranges. 

[0058] The printheads of the present invention can be prepared with high aspect ratios and straight sidewalls. Chan- 
nels and/or nozzles as small as 5 microns wide (corresponding to distances W1 and W2 in Figure 7) can be easily 
resolved in 28 micron thick films exposed at, for example 200 to 500 milli Joules per square centimeter (typically plus 
or minus about 50 milliJoules per square centimeter, preferably plus or minus about 25 milliJoules per square centim- 
eter) (aspect ratio of 5.6). Preferred exposures can vary depending on the cationic initiator employed, the presence or 
absence of a diluent, relative humidity, and the like. These results easily enable high jet densities; jet densities typically 
are at least about 300 dots per inch, preferably at least about 600 dots per inch, and more preferably at least about 
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1 ,200 dots per inch, although the jet density can be outside of these ranges. Scanning electron microscopy micrographs 
indicate a topographically level surface devoid of detrimental lips or dips. 

[0059] The following examples illustrate the present invention as disclosed in claim 1 . All parts and percentages are 
by weight unless otherwise indicated. 

EXAMPLE I 

Resist Solution Preparation 

[0060] A resist solution was prepared by adding to a jar 33 grams of y-butyrolactone (obtained from Aldrich Chemical 
Co., Milwaukee, Wl) and 23.3 grams of CYRACURE® UVI-6976 (containing 50 percent by weight triphenylsulfonium 
hexafluoroantimonate in propylene carbonate, obtained from Union Carbide). Thereafter, 115 grams of EPON® SIMJ 
epoxy polymer of the formula 



wherein n has an average value of 3 (obtained from Shell Resins) was added to the jar and the solution was mixed on 
a STONEWARE® roller for about one week prior to use. 

[0061] A commercial resist solution of EPON SU-8 was also obtained from MicroChem Corporation, Newton, MA, 
and was used as received. This commercial solution is of similar composition to the one prepared as described; more 
specifically, according to the MSDS sheet for this product, the commercial solution contained between 25 and 50 
percent by weight y-butyrolactone, between 1 and 5 percent by weight of a mixed triarylsulfonium hexafluoroantimonate 
salt (sutfonium(thiodi-4 F 1-phenylene)bis[diphenylbis[(OC-6-11)hexafluoroantimonate(1-)] p CAS 89452-37-9, and p-thi- 
ophenoxyphenyldiphenylsulfbnium hexafluoroantimonate, CAS 71449-78-0) in propylene carbonate, and between 50 
and 75 percent by weight of the epoxy resin. 

Substrate Preparation 

[0062] Round blank silicon wafers (also referred to as monitor wafers) 4 and 5 inches in diameter, the top levels of 
which contained oxide or bare silicon were cleaned in a bath containing 75 percent by weight sulfuric acid and 25 
percent by weight hydrogen peroxide at a temperature of 120°C. Heater wafers five inches in diameter were treated 
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with an oxygen plasma prior to use. The wafers were heated on a hot plate at 70° C for 2 minutes prior to application 
of a resist mixture. About 3 to 4 grams of resist was applied to the wafers followed by spin coating on a Headway 
Research Inc. PWM 101 spin coater at 2,000 to 4,000 rpm for 20 seconds. The resulting films were soft-baked in a 
circulating air oven at 70°C for 20 minutes. 

5 

Photoexposure and Processing 

[0063] The wafers containing the soft-baked resist films thereon were exposed through a chromium mask to the 
actinic radiation of an exposure aligner unit until the required dose had been delivered to the film. Exposure was effected 

10 with two different tools: (a) a CANON® PLA-501 FA unit with a 250 Watt Ushio super-high pressure mercury lamp 
(model 250 D) as the light source; (b) a KARL SUSS® MA 150 unit with a 350 Watt Ushio super high pressure mercury 
lamp (model 350DS) as the light source. The light intensity was about 6 to 10 milliwatts per square centimeter for each 
unit measured at 365 nanometers. Both exposure stations were operated on contact printing mode and the light intensity 
was measured at 365 nanometers. Light intensity for exposure with the CANON® PLA-501 FA unit was performed 

15 using a UVP model UVX digital radiometer; the KARL SUSS® MA 150 unit had a built-in internal radiometer. All wafers 
were subjected to a post-exposure bake for 15 to 20 minutes at 70 to 95°C in a circulating air oven directly after 
exposure. Subsequent to the post-exposure bake, the latent images were exposed to development with y-butyrolactone 
(obtained from Aldrich Chemical Co.), followed by rinsing with isopropanol. 

20 Photoresist Film Characterization 

[0064] Film thickness was measured with a DEKTAK® 3030. The film thickness reported was from the non-patterned 
areas between print elements at the center of the wafer. Film features were recorded digitally with a computer using 
a SNAPPY® video capture system attached to a NIKON® TV lens c-0.45x mounted onto an OLYMPUS® STM-UM 
25 microscope. 

Results 

[0065] Overall, clean, well -resolved nozzles with widths between 5 and 10 microns and film thicknesses between 28 
30 and 35 microns were resolved for plain silicon surfaces and for electrically active metal wafers. Nearly identical results 
were obtained with the resist solution mixed as indicated above and the commercial resist solution obtained from 
MicroChem Corporation. 

A 

35 

[0066] Nozzle dimensions and film thickness were assessed for a 3 1 .7 micron thick film prepared from the commercial 
resist solution obtained from MicroChem Corporation coated onto a 4 inch diameter bare silicon monitor wafer. The 
nozzle width was measured to be 7.96 microns wide, where the chromium mask measured 10.46 microns. A thermal 
cure cycle of exposure to 200° C for 30 minutes in air yielded no measurable change in nozzle dimensions or film 

40 thickness. An additional cure at 300°Cfor 30 minutes in air provided a nozzle width of 10.92 microns and a film thickness 
of 29.6 microns. The epoxy resin photoresist provided final dimensions similar to the chromium mask, potentially elim- 
inating the need for mask biasing. (With many known photoresists, the mask openings are adjusted in size to take into 
account anticipated shrinkage.) The photoresist was exposed on the CANON® aligner unit for a dose of 1 50 mil I i Joules 
per square centimeter, light intensity of 9.20 milliwatts per square centimeter, followed by a post-exposure bake of 15 

45 minutes at 95°C. The image was resolved through a 40 second development cycle with y-butyrolactone (obtained from 
Aldrich Chemical Co.) and a rinse of isopropanol. 

B 

so [0067] As observed with an optical micrograph, completely open 10 micron nozzles in a film thickness of 35.0 microns 
were obtained with the resist solution prepared as described above coated onto a 4 inch diameter bare silicon monitor 
wafer. The wafer was exposed through the chromium mask measuring 10.46 microns on the CANON® aligner unit for 
a dose of 500 milli Joules per square centimeter, light intensity of 9.20 mil I i Watts per square centimeter, followed by a 
post-exposure bake of 20 minutes at 70°C. The image was resolved through a 40 second development cycle with y- 

55 butyrolactone (obtained from Aldrich Chemical Co.) and a rinse of isopropanol. A scanning electron micrograph indi- 
cated that the resist layer was topographically smooth and continuous with little evidence of rounding after development. 
A close-up view of the nozzles indicated that lips and dips were visually absent. The sidewall profile was very straight 
and indicated that little or no swelling occurred during development. Undercutting was also not observed. 
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C 

[0068] Nozzle dimensions and film thickness were assessed for a 28 micron thick film prepared from the commercial 
resist solution obtained from MicroChem Corporation coated onto a 5 inch diameter silicon heater wafer. The wafer 
was exposed on the KARL SUSS® aligner unit for a dose of 300 milliJoules per square centimeter, light intensity of 
6.00 milliwatts per square centimeter, followed by a post-exposure bake of 15 minutes at 95° C. The image was resolved 
through a 40 second development cycle with y-butyrol acton e (obtained from Aldrich Chemical Co.) and a rinse of 
isopropanol. An optical micrograph of the developed wafer indicated 6 micron nozzles and a film thickness of 26 mi- 
crons. No obvious change in the wall profile was observed for regions of varying reflectivity of the heater wafer. 

D 

[0069] Nozzle dimensions and film thickness were assessed for a 26 micron thick film prepared from the commercial 
resist resolved through a 50 second development cycle with y-butyrolactone (obtained from Aldrich Chemical Co.) and 
a rinse of isopropanol. An optical micrograph of the developed wafer indicated 5 micron nozzles and a film thickness 
of 28 microns, illustrating the successful patterning of 1200 dot per inch patterns. 



Claims 

1 . A the rmal i n k jet pri nt head ( 1 0) wh ich comprises : ( i ) an upper su bstrate (22) , and ( i i) a lower substrate (28) i n wh i ch 
one surface thereof has an array of heating elements (34) and addressing electrodes (33) formed thereon, said 
lower substrate (26) having an insulative layer (16) deposited on the surface thereof and over the heating elements 
(34) and addressing electrodes (33) and patterned to form recesses therethrough to expose the heating elements 
(34) and terminal ends of the addressing electrodes (33), said upper and lower substrates (22, 28) being bonded 
together to form a thermal ink jet printhead (10) having droplet emitting nozzles (27) defined by the upper substrate 
(22) „ the insulative layer (16) on the lower substrate (26), and the heating elements (34) in the lower substrate 
(28), wherein at least one of said upper substrate (22) and said insulative layer (16) comprises a crosslinked 
polymer formed by crosslinking a precursor polymer which is a phenolic novolac resin having glycidyl ether func- 
tional groups on the monomer repeat units thereof and wherein said recesses patterned through the insulative 
layer have an aspect ratio of at least 1:1. 

2. The printhead of claim 1 wherein the insulative layer (16) comprises the crosslinked polymer. 

3. The printhead of claim 1 or 2 wherein both the insulative layer (16) and the upper substrate (22) comprise the 
crosslinked polymer. 

4. The printhead of any of claims 1 to 3 wherein the precursor polymer is selected from the group consisting of 
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H3C-C-CH3 



H3C-C-CH3 



randomized structures thereof or branched structures thereof, wherein in each instance n represents the 
number of repeat monomer units. 



The printhead of any of claims 1 to 3 wherein the precursor polymer is 
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30 wherein n is from about 2 to about 20. 

6. The printhead of any of claims 1 to 5 wherein the insulative layer (1 6) has a thickness of up to 40 p,m. 

7. The printhead of any of claims 1 to 6 wherein the nozzles (27) have a width of from 5 jxm to 25 jxm and a depth of 
35 from 5 jxm to 25 jxm. 

6. The printhead of any of claims 1 to 7 wherein the recesses patterned through the insulative layer (16) have an 
aspect ratio of at least about 5:1 . 

40 9. The printhead of any of claims 1 to 7 wherein the recesses patterned through the insulative layer (16) have an 
aspect ratio of at least about 6:1 . 

10. The printhead of any of claims 1 to 7 wherein the recesses patterned through the insulative layer (16) have an 
aspect ratio of at least about 1 0:1 . 

45 

PatentansprOche 

1. Thermischer Tintenstrahldruckkopf (10), der (i) ein oberes Substrat (22) und (ii) ein unteres Substrat (26) umfaftt, 
so bei dem eine Oberflache davon eine Anordnung darauf ausgebildeter Heizelemente (34) und Adressierelektroden 

(33) aufweist, wobei das untere Substrat (28) eine Isolierschicht (16) aufweist, die auf dessen Oberflache und uber 
die Heizelemente (34) und Adressierelektroden (33) aufgebracht ist und die mit einem sole hen Muster versehen 
ist, daft dort hindurch Aussparungen gebildet sind, um die Heizelemente (34) und die Anschluftenden der Adres- 
sierelektroden (33) freizulegen und wobei das obere und untere Substrat (22, 28) unter Bilden eines thermischen 
55 Tlntenstrahldruckkopfes (10) mit Tropfchen ausstoftenden Dusen (27) miteinander verbunden sind, die durch das 

obere Substrat (22), die Isolierschicht (16) auf dem unteren Substrat (28) und die Heizelemente (34) in dem unteren 
Substrat (28) definiert werden, wobei wenigstens eines aus dem oberen Substrat (22) und der Isolierschicht (16) 
ein vemetztes Polymer umfafit, das durch Vernetzen einer Polymervorstufe gebildet wurde, die ein phenolisches 
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Novolac-Harz mit funktionellen Glycidylethergruppen an dessert monomeren, sich wiederholenden Einheiten ist 
und wobei die ein Muster bildenden Aussparungen durch die Isolierschichrt ein Langenverhaltnis von mindestens 
1:1 aulweisen. 

2. Druckkopf des Anspruchs 1, wobei die Isolierschicht (16) das vernetzte Polymer umfafit. 

3. Dnjckkopf des Anspruchs 1 oder 2, wobei sowohl die Isolierschicht (16) als auch das obere Substrat (22) das 
vernetzte Polymer umfassen. 

4_ Druckkopf eines der Anspruche 1 bis 3, wobei die Polymervorstufe a us der Gruppe ausgewahtt ist, bestehend aus 
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H3C-C-CH3 H3C-C-CH3 



H 3 C— C-CH3 
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H3C-C-CH3 



H3O— C — CH3 



AAA 



randomisierten Strukturen unci verzweigten Strukturen davon, wobei n bei jedem Auftreten die mittlere Anzahl der 
sich wiedeitiolenden Monomereinheiten darstellt. 



Druckkopf eines der Anspruche 1 bis 3, wobei die Polymervorstufe 
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ist, worin n etwa 2 bis etwa 20 ist. 

6. Druckkopf eines der Anspruche 1 bis 5, wobei die Isolierschicht (16) eine Dicke von bis zu 40 jim aufweist. 

7. Druckkopf eines der Anspruche 1 bis 6, wobei die DO sen (27) eine Breite von 5 jxm bis 25 jxm und eine Tiefe von 
5 |xm bis 25 jxm aufweisen. 

6. Druckkopf eines der Anspruche 1 bis 7, wobei die ein Muster bildenden Aussparungen durch die Isolierschicht 
(16) ein Langenverhattnis von mindestens etwa 5:1 aufweisen. 

9. Druckkopf eines der Anspruche 1 bis 7, wobei die ein Muster bildenden Aussparungen durch die Isolierschicht 
(16) ein Langenverhattnis von mindestens etwa 6:1 aufweisen. 

10. Druckkopf eines der Anspruche 1 bis 7, wobei die ein Muster bildenden Aussparungen durch die Isolierschicht 
(16) ein Langenverhattnis von mindestens etwa 10:1 aufweisen. 



Revendications 

1. TSte d'impression & jet d'encre thermique (10) qui comprend : (i) un substrat sup£rieur (22), et (ii) un substrat 
inferieur (26) dans laquelle une surface de celui-ci a un arrangement d'6l6ments chauffants (34) et des Electrodes 
d'adressage (33) formees sur oelle-ci, ledit substrat inferieur (28) ayant une couche isolante (16) deposee sur la 
surface de celui-ci et sur les elements chauffants (34) et les electrodes d'adressage (33) et etant modelee de 
maniere a former des empreintes la a t ravers de maniere a exposer les elements chauffants (34) et les extremites 
terminates des Electrodes d'adressage (33), lesdrts substrats sup£rieur et inf6rieur (22, 26) 6tant li&s ensemble 
de manifere & former une tSte d'impression & jet d'encre thermique (10) ayant des buses Gmettant des gouttelettes 
(27) definies par le substrat superieur (22), la couche isolante (16) sur le substrat inferieur (26), et les elements 
chauffants (34) dans le substrat inferieur (28), dans laquelle au moins Tun parmi ledit substrat superieur (22) et 
ladite couche isolante (16) comprend un potym£re r6ticul6 forme par reticulation d'un polym&re pr€curseur qui est 
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une resine novolaque phenolique ayant des groupes fonctionnels d'ether glycidylique sur les unites repetees de 
monomeres de celui-ci et dans laquelle les empreintes model ees a t ravers la couche isolante ont un rapport d'al- 
longement d'au moins 1:1. 

TSte d'impression de la revendication 1, dans laquelle la couche isolante (16) comprend le polymfcre r6ticul6. 

Tete d'impression de la revendication 1 ou 2, dans laquelle a la fois la couche isolante (16) et le substrat superieur 
(22) comprennent le polymSre r6tictil6. 

Tete d'impression de Tune queloonque des re vend i cations. 1 a 3, dans laquelle le polymere precurseur est choisi 
dans le groupe constitue par 
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H 3 C— C-CH a 



£h 2 £m 2 T Ha 

AAA 



Y v 

CH* CH 2 
/ f 



HiC-C-CHa 




H3O— C— CH3 




des structures al£atoires de celles-ci ou des structures ramifies de celles-ci, dans lesquelles a ctiaque exemple, 
n represente le nombre moyen d'unites de monomeres nSpGtGs. 

Tete d'impression de Tune quelconque des revendi cations 1 a 3, dans la quelle le polymere precurseur est 
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ou n est d'environ 2 k environ 20. 

6. Tete d'impression de Tune quelconque des revendications 1 a 5, dans laquelle la couche isolante (16) a una 
epaisseur allant jusqu'a 40 |im. 

7. TSte d'impression de Tune quelconque des revendications 1 & 6, dans laquelle les buses (27) ont une largeur de 
5 |xm a 25 Jim et una profondeur de 5 jxm a 25 \xn\. 

8- Tate d'impression de Tune quelconque des revendications 1 a 7, dans laquelle las emprei rites modeless a t rave rs 
la couche isolante (16) ont un rapport d'allongement d'au moins environ 5:1. 

9. Tete d'impression de Tune quelconque des revendications 1 a 7, dans laquelle les emprei rites modeless a t ravens 
la couche isolante (16) ont un rapport d'allongement d'au moins environ 6:1. 

10. TSte d'impression de Tune quelconque des revendications 16 7, dans laquelle les empreintes model&es & travers 
la couche isolante (16) ont un rapport d'allongement d'au moins environ 10:1. 
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FIG. 4 
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FIG. 6 
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